INTRODUCTION

54
The majority of eukaryotes reproduce via meiosis, which is a specialized cell division 55 that produces four haploid cells from a single diploid parent cell (Villeneuve and Hillers, 56 2001; Mercier et al., 2015) . During meiosis, a single round of DNA replication is 57 followed by two rounds of chromosome segregation, which recombines the 168 169
To detect REC8 during meiosis, we inserted 3×HA or 5×Myc epitopes into a REC8 170 genomic clone that uses the endogenous promoter, and transformed rec8-3 171 heterozygotes (Cai et al., 2003; Chelysheva et al., 2005) . We assessed 172 complementation of rec8 by cytological analysis of meiosis in the resulting 173 transformants (Fig. 1A) . rec8 shows severe meiotic defects in chromatin compaction, 174 axis formation and the presence of chromosome fragmentation, which cause complete 175 sterility ( Fig. 1A) (Cai et al., 2003; Chelysheva et al., 2005; Bhatt et al., 1999) . We 176 observed that transformation with the HA and Myc epitope-tagged REC8 constructs 177 fully complemented axis formation during prophase I, the presence of five bivalents at 178 metaphase I and chiasmata formation in rec8-3 ( Fig. 1A and Supplemental Table 1 ).
180
To analyze REC8 accumulation on meiotic chromosomes, we immunostained male 181 meiocytes using α-HA or α-Myc antibodies and stained chromatin with DAPI ( Fig. 1B   182 and Supplemental Figure 1A) . We observed co-localization of REC8 with chromatin 
186
1A). The tagged REC8 proteins persisted on bivalents through diakinesis and 187 metaphase I ( Fig. 1B and S1A ), as reported (Chelysheva et al., 2005; Cai et al., 2003) .
188
No signal was detected in non-transgenic wild type meiocytes, or somatic cells of 189 REC8 epitope-tagged lines (Fig. 1B and Supplemental Figure 1A ). This demonstrates 190 specific detection of REC8-HA and REC8-Myc proteins with the expected localization 191 on meiotic chromosomes (Chelysheva et al., 2005; Cai et al., 2003) .
193
To visualize chromatin organization during meiosis, we immunostained for euchromatic 194 (H3K4me3) and heterochromatic (H3K9me2 and H3K27me1) histone modifications, 195 together with the SC protein ZYP1 (Fig. 1C) (Higgins et al., 2005) . During late 196 prophase I, when ZYP1 polymerization was complete, we observed clear differentiation 197 of euchromatin and heterochromatin, with ZYP1 signal continuous through both 198 chromatin types (Fig. 1C ). To assess axis and SC signal through the centromeres, we 199 performed fluorescence in situ hybridization (FISH) for the satellite repeat CEN180 and 200 co-immunostained for ZYP1 or the SMC3 cohesin subunit (Fig. 1D) . At the zygotene-201 pachytene transition, we observed CEN180-positive regions, through which the SMC3 202 and ZYP1 signals were continuous (Fig. 1D ). Together these data show that the SC 203 and cohesin form a continuous axis through Arabidopsis euchromatin, heterochromatin 204 and the centromeres during meiosis.
206
Profiling the genomic landscape of REC8 enrichment by ChIP-seq 207 208
To generate a genome-wide map of REC8 enrichment we sought to use the HA and 209 Myc epitope-tagged lines to perform ChIP-seq. As REC8 is specifically expressed 210 during meiosis (Fig. 1B and Supplemental Figure 1A ) (Cai et al., 2003; Chelysheva et 211 al., 2005) , we collected unopened flower buds for ChIP. These flowers contain all 212 stages of meiosis, although prophase I has the longest duration (~31 of ~33 hours) 213 (Armstrong, 2013) , during which REC8 associates with chromosomes ( Fig. 1B and   214 Supplemental Figure 1A ). We performed immunoblotting on meiotic-stage flowers 215 before and after α-HA or α-Myc immunoprecipitation, which revealed specific bands of 216 the expected size (77.2 kDa REC8-HA and 84.2 kDa REC8-Myc), in addition to bands 217 with an apparent ~20 kDa higher molecular mass, likely representing phosphorylated 218 forms of REC8 ( Fig. 2A and Supplemental Figure 1B ). For example, slow migrating 219 forms of REC8 have also been observed in yeast and mice, which are caused by 220 phosphorylation (Watanabe and Nurse, 1999; Kitajima et al., 2003) . A non-specific α-
221
HA band was detected in input samples from REC8-HA rec8 and wild type (Col), but 222 this band was greatly depleted after immunopurification ( Fig. 2A ).
224
Approximately 10 grams of unopened flowers collected from pools of plants were used 225 for ChIP from REC8-HA rec8 and the resulting DNA was used to construct sequencing 226 libraries (Supplemental Table 2 ). We analyzed genome coverage values from 227 biological replicate REC8-HA ChIP-seq libraries, which were highly correlated when 228 compared at varying physical scales (e.g., 10 kb windows r s =0.92) (Supplemental 229   Table 3 ). To test the specificity of REC8 enrichment we repeated α-HA ChIP from 230 untagged wild type (Col) flowers, which was used to generate a sequencing library.
231
The Col library yielded 3,681,603 read pairs of which only 0.75% mapped to the 232 Arabidopsis genome, compared to mapping rates of 91.34-93.22% of reads from the 233 REC8-HA libraries (Supplemental Table 2 ). This demonstrates the low background 234 obtained by our ChIP-seq protocol.
236
To further analyze the specificity of α-HA ChIP enrichment, three regions were 237 analyzed by qPCR from REC8-HA rec8 versus untagged Col ( Fig. 2B and   238 Supplemental Table 4 ). The regions analyzed were heterochromatic ATHILA and 239 ATHILA6B transposable elements, and the 5′ end of a euchromatic gene (At2g02480), 240 which were predicted to show high REC8 occupancy ( Fig. 2B and Supplemental Table   241 4). For each region, significantly greater enrichment was measured from ChIP relative 242 to input for REC8-HA rec8 compared to untagged wild-type Col, with highest REC8 243 enrichment within the transposons ( Fig. 2B and Supplemental Table 4 ), further 244 confirming the specificity of our protocol. Finally, we analyzed α-Myc ChIP-seq data 245 from REC8-Myc rec8 plants, which showed a positive correlation with REC8-HA data 246 (e.g., 10 kb r s =0.83-0.86) ( Fig. 3A and Supplemental Table 3 ). This demonstrates that 247 we obtain reproducible signal when performing REC8 chromatin immunoprecipitation 248 using two independent epitopes. Due to the high correlation of REC8-HA and REC8-
249
Myc data, for subsequent analysis we focused on REC8-HA ChIP-seq data.
251
To assess REC8 enrichment at the fine scale we analyzed ChIP-seq values (per-base 252 coverage values normalized by total library coverage) and compared with chromatin 253 and recombination data ( Fig. 2C and Table 2 ). These data included: (i) nucleosome 
263
With reference to a representative 65 kb region of chromosome 3 we observed a 264 positive correlation between REC8 and nucleosome occupancy, both of which 265 negatively correlated with SPO11-1-oligos ( Fig. 2C ). High REC8 enrichment was 266 evident within different types of sequence element and chromatin state; for example, (i) 267 a transcriptionally silent LINE1 transposable element (AT3TE37690) that showed high 268 nucleosome density, DNA methylation, H3K9me2, and siRNAs, and suppressed 269 SPO11-1-oligos, (ii) expressed genes (e.g., TMKL1, PLL22, HCR1 and F-box) that 270 showed high nucleosome occupancy with H3K4me1, H3K4me2 and H3K4me3 271 modifications, and (iii) a H3K27me3-silenced gene (ABI3) (Fig. 2C ). Therefore we next 272 sought to explore REC8 ChIP-seq enrichment at multiple scales and within different 273 sequence contexts in relation to chromatin and recombination datasets.
275
REC8 enrichment in euchromatin and heterochromatin at the chromosome scale
277
We compared REC8-HA ChIP-seq enrichment with markers of euchromatin and 278 heterochromatin and meiotic recombination along the Arabidopsis chromosomes ( Fig.   279 3). For genome-wide analysis REC8-HA ChIP and input data were used to calculate (Stroud et al., 2013; Yelagandula et al., 2014) . These relationships 288 were further strengthened if the pericentromeres were considered separately from the 289 chromosome arms (Fig. 3B ). Hence, as in budding and fission yeasts (Folco et al., 290 2017; Sun et al., 2015; Ito et al., 2014; Kugou et al., 2009) , the strongest REC8 ChIP-291 seq enrichment in Arabidopsis is observed in proximity to the centromeres.
293
To provide cytological support for the trends observed via ChIP-seq, we analyzed 294 spread nuclei at pachytene stage that were immunostained for REC8-HA and 295 chromatin stained with DAPI ( Fig. 3C ). We tracked and quantified axial REC8-HA 296 signal as it transversed heterochromatin ( Fig. 3C ). We centered analysis on 297 heterochromatin over a distance of 100 pixels (equivalent to ~6.4 μM) in 20 sections 298 from a total of 10 meiocytes ( Fig. 3C ). We observed that mean REC8-HA and DAPI 299 signal intensity were significantly correlated over the tracked regions (Spearman's 300 correlation coefficient r s =0.94 P=4.07×10 -47 ). These cytological data are consistent with 301 REC8-HA ChIP-seq enrichment correlating with nucleosome-dense heterochromatin 302 ( Fig. 3A-3B ).
304
Due to REC8-HA enrichment in pericentromeric heterochromatin, genome-wide 305 negative correlations between REC8-HA and gene density (r s =-0.70), and the gene-306 associated chromatin modifications H3K4me1 (r s =-0.63), H3K4me2 (r s =-0.74), REC8-HA ChIP enrichment at the fine scale.
319
REC8 enrichment associates with suppression of meiotic DSBs and crossovers
321
REC8-HA enrichment peaks in ChIP-seq data were identified using the ranger tool 322 within the PeakRanger suite, providing input library reads as a control for background 323 (P ≤ 0.001 and FDR ≤ 0.01) (Feng et al. 2011) . This approach identified 86,386 REC8-
324
HA peaks, which had a mean width of 444 bp (Supplemental Figure 2 and 325 Supplemental Tables 5-6 ). The average REC8-HA coverage profile between the peak 326 start and end coordinates is positively correlated with nucleosome occupancy (r s =0.80) 327 and anti-correlated with SPO11-1-oligos (r s =-0.83), which was similar to the pattern 328 observed when well-positioned nucleosomes (n=57,734, mean width=145 bp) were 329 analyzed ( Fig. 4A ). We analyzed REC8-HA peaks separately according to their 330 location in the chromosome arms or pericentromeres and observed the same trends of 331 nucleosome enrichment and SPO11-1-oligo depletion (Fig. 4B ). We next analyzed sets 332 of 3,320 crossovers (mean resolved width=976 kb) and 5,914 SPO11-1-oligo hotspots (Choi et al., 2018) . We therefore compared 376 REC8-HA levels in DNA versus RNA transposable elements and at the same number 377 of randomly positioned loci of the same widths ( Fig. 5A-5B ). We observed that DNA 378 elements were relatively depleted for REC8-HA and nucleosomes, whereas higher 379 levels occurred in RNA elements ( Fig. 5A-5B ). This correlates with DNA elements
380
showing lower levels of the heterochromatic marks H3K9me2 and CG, CHG and CHH
381
DNA methylation, compared with RNA transposons (Fig. 5A-5B ).
383
We next evaluated overlap of REC8 peaks, well-positioned nucleosomes and SPO11- Due to the enrichment of REC8 observed in the pericentromeres ( Fig. 2A ), we sought 399 to investigate whether loss of heterochromatic marks would change cohesin occupancy, 400 as observed in fission yeast H3K9 methylation mutants (Bernard et al., 2001; Nonaka 401 et al., 2002; Mizuguchi et al., 2014; Folco et al., 2017) . Previously, we observed that 402 kyp suvh5 suvh6 triple mutants, which lose H3K9me2 and non-CG methylation, gain 403 SPO11-1-oligos within heterochromatic sequences (Underwood et al., 2018; Stroud et 404 al., 2014) . Therefore, we repeated REC8-HA ChIP-seq in kyp suvh5 suvh6 mutants.
405
Floral buds from pooled F 3 plants were used for this experiment, derived from the same 406 REC8-HA line crossed to kyp suvh5 suvh6. We also performed H3K9me2 ChIP-seq in 
411
In contrast to fission yeast, we observed that the pattern of REC8-HA enrichment along 412 the chromosomes in kyp suvh5 suvh6 was highly similar to wild type, with strong 413 enrichment observed in proximity to the centromeres (Fig. 6A ). We immunostained for 414 REC8-HA in wild-type and kyp suvh5 suvh6 male meiocytes and observed that normal 415 signal intensity with the heterochromatic chromocenters was maintained, using the F 3 416 lines generated for ChIP analysis (Fig. 6B ). Finally, we analyzed male meiocytes in kyp 417 suvh5 suvh6 cytologically for phenotypes associated with rec8 mutants ( et al., 2003; Chelysheva et al., 2005; Bhatt et al., 1999) . At pachytene stage, normal 419 paired axes are observed in kyp suvh5 suvh6 and sister chromatid cohesion is 420 maintained at metaphase I and metaphase II, without obvious defects in chromosome 421 segregation ( Fig. 6C ). Hence, REC8 cohesin is recruited to levels sufficient to maintain 422 sister-chromatid cohesion and bivalent formation during meiosis in kyp suvh5 suvh6.
423
Transcription influences REC8 occupancy within genes and transposons
425
Transcription has been shown to shape mitotic and meiotic cohesin occupancy (Sun et   426 al., 2015; Lengronne et al., 2004; Mizuguchi et al., 2014) . Therefore, we analyzed 
439
To explore the relationship with transcription, we ordered genes by increasing 440 expression measured from floral RNA-seq data and compared this with REC8-HA 441 ChIP-seq enrichment within genes ( Fig. 7B ). This showed a negative correlation 442 between REC8-HA occupancy within genes and expression level (r s =-0.40) ( Fig. 7B ).
443
As gene expression increases, REC8-HA and nucleosomes occur at lower levels 444 intragenically and show an increased bias towards the gene 3′ ends (Fig. 7B ). This is 
451
We performed RNA-seq from wild type and kyp suvh5 suvh6 meiotic-stage flowers and 452 identified 179 transposable elements that showed significant upregulation of 453 expression in the triple mutant. Upregulated transposons were enriched for elements 454 belonging to the EnSpm (hypergeometric test P=1.77×10 -25 ), Copia (P=1.69×10 -17 ),
455
Harbinger (P=0.0004), and LINE1 (P=0.0125) superfamilies (Supplemental Table 7 ). Mann-Whitney-Wilcoxon P<0.1) (Fig. 7C ). No significant differences in SPO11-1-oligos 465 or REC8 were detected in the Copia transposons that were not upregulated ( Fig. 7C ).
466
This is consistent with changes to chromatin and transcription at these transposons 467 associating with modifications to REC8 occupancy and DSB levels.
469
Abnormal chromosome axis structures form in rec8 that recruit the homologous 470 recombination machinery
472
Finally, we sought to explore the consequences of rec8 mutation for meiotic 473 chromosome architecture and recombination at the cytological level. We used 474 epifluorescence immunocytology and structured illumination microscopy (SIM) to 475 analyze the axis proteins ASY1 and ASY3 in rec8. In wild type, ASY1 and ASY3 co- 
481
P=3.02×10 -11 ) ( Fig. 8D and Supplemental Table 8 ).
483
We analyzed the SC component ZYP1 in wild type and rec8 (Fig. 8A-8B ).
484
Chromosome synapsis initiates at zygotene in wild type, with the formation of ZYP1 485 stretches that become depleted of ASY1 (Fig. 8A) , until full synapsis is achieved at 486 pachytene (Lambing et al., 2015) . We observed short stretches of ZYP1 polymerization 487 between the abnormal ASY1 axis structures in rec8 ( Fig. 8A-8B ). In wild type, ZYP1 488 polymerizes between axes separated by a mean distance of 109 nm ( Fig. 8B and 489 Supplemental Table 9 ). In rec8, ZYP1 was detected between ASY1 axis structures with 490 a mean distance not significantly different from wild type (119 nm, MWW test P=0.22) 491 ( Fig. 8B, 8D and Supplemental Table 9 ). PCH2 is a conserved meiotic AAA+ATPase 492 required to remodel the axis during synapsis, which forms a linear signal with ZYP1 at 493 pachytene ( Fig. 8E ) (Lambing et al., 2015) . The rec8 axis structures co-stained for both 494 PCH2 and ZYP1 ( Fig. 8E) . Interestingly, the SMC3 cohesin subunit was also recruited 495 to the ASY1 axis structures, despite the absence of REC8 (Fig. 8F ). Therefore, rec8 496 abnormal axial structures include ASY1, ASY3 and SMC3 and can recruit PCH2 and 497 ZYP1 to produce synapsed structures with a similar inter-axis width to wild type.
499
To visualize meiotic DSBs we immunostained for γH2A.X and ASY1 and observed a 500 mean of 202 axis-associated foci in wild type (Fig. 9A, 9C and Supplemental Table 10 ).
501
In rec8, γH2A.X foci were significantly reduced (mean=53, MWW test P=3.37×10 -6 ), 502 although they remained associated with the ASY1 axis structures ( Fig. 9A and 9C ). We 503 also immunostained for the ssDNA binding proteins RAD51, RPA1a and DMC1, which Supplemental Table 12 ), which is consistent with a requirement of 510 the axis for DSB formation. This provides cytological evidence that DSB formation and 511 interhomolog strand invasion are associated with abnormal axial structures in rec8 512 mutants.
514
Finally, we immunostained for DNA repair factors required for formation of interfering 515 crossovers. In wild type, the MutS homolog MSH4 forms a mean of 179 axis-516 associated foci at leptotene, which were significantly reduced in rec8 (mean=13 foci, 517 MWW test P=1.10×10 -5 ), and to a greater extent than observed for DSB foci (Fig. 9A 
538
H3K9me2 and H2A.W (Stroud et al., 2014; Yelagandula et al., 2014) . We previously 539 observed that SPO11-1-oligos increase within heterochromatin in kyp suvh5 suvh6 540 H3K9me2/non-CG DNA methylation mutants (Underwood et al., 2018) . Here we show 541 that REC8 is still effectively loaded in the centromeric regions in kyp suvh5 suvh6. In 542 fission yeast, which possesses complex regional centromeres, loss of centromeric 543 H3K9me2 in clr4 mutants greatly decreases REC8 loading and causes defects in 544 chromosome segregation (Bernard et al., 2001; Nonaka et al., 2002; Folco et al., 2017;  545 Ellermeier et al., 2010) . Hence, in this respect Arabidopsis more closely resembles 546 mouse suv39h1 suv39h2 H3K9me2 mutants, where mitotic cohesin is recruited to 
555
We observe a strong correlation between REC8 enrichment and nucleosome 
575
It is also important to consider that plant heterochromatin is actively transcribed by Pol 576 IV and Pol V RNA polymerases, which produce short transcripts required for RNA-577 directed DNA methylation (Law and Jacobsen, 2010). Hence, it will also be interesting 578 to explore the effects of heterochromatic transcription on cohesin occupancy in plants 579 in the centromere proximal regions.
581
We show that REC8 occupancy is associated with multiple chromatin states within the 
637
Fluorescence in situ hybridization was carried out on chromosome spreads of 638 metaphase nuclei using CEN180 probes, as described (Armstrong et al., 2001) .
639
Microscopy was conducted using a DeltaVision Personal DV microscope (Applied 640 precision/GE Healthcare) equipped with a CDD Coolsnap HQ2 camera (Photometrics).
641
Image capture was performed using SoftWoRx software version 5.5 (Applied 642 precision/GE Healthcare). Image analysis and processing were performed using 643 ImageJ.
645
Generation of REC8-3×HA and REC8-5×Myc transgenic lines 646 647
The REC8 
695
Chromatin immunoprecipitation sequencing of histone modifications 696 697
Unopened flower buds were collected from pools of Col or kyp suvh5 suvh6 plants.
698
Two grams of unopened floral buds were used to perform ChIP-seq for H3K4me1,
699
H3K4me2, H3K9me2, H3K27me1 and H3K9me2 in wild type (Col) or kyp suvh5 suvh6, 
719
The nuclei were purified from cellular debris by filtering the nuclei solution twice 720 through 1 layer of Miracloth and centrifugation at 12,000g for 10 minutes at 4C. The 
769
ChIP-seq data analysis
771
Deduplicated paired-end (2×76 bp) ChIP-seq reads were aligned to the TAIR10 772 reference genome using Bowtie2 (Version 2.2.9) (Langmead and Salzberg, 2012), with 773 the following settings: --very sensitive --no-discordant --no-mixed -p 4 -k 10. Up to 10 774 valid alignments were reported for each read. Aligned reads with more than 2 775 mismatches were discarded using the SAM optional field "XM:i". Uniquely aligning 776 reads were extracted by removing alignments with the SAM optional field "XS:i" and 777 with Bowtie2-assigned MAPQ scores lower than 42. Alignments consisting of reads 778 that mapped to multiple loci were filtered such that only those with MAPQ scores 779 higher than or equal to 10 remained, from which the alignment with the highest MAPQ 780 score was retained. Where MAPQ scores for multiple valid alignments were equal, one 781 alignment was randomly selected. Alignments consisting of only one read in a pair 782 were discarded. The genome-wide average depth of coverage obtained for each library 783 is provided in Supplemental Table 2 .
785
Unique and multiple alignments in BAM format were combined and coverage was 786 calculated for each coordinate in the genome using Rsamtools (Version 1.26.1).
787
Coverage was normalized by the sum of coverage for each library. The log 2 ratio of MNase-seq reads these were trimmed to the central 40 bp to improve detection.
846
Coverage at each position in the genome was calculated and normalized by library size.
Paired-end reads from a Col gDNA library were processed in the same way to provide 848 a control. These data were used to calculate log 2 (MNase-seq/gDNA) coverage ratios at 849 each genomic coordinate. To remove noise from the log 2 (MNase-seq/gDNA) profile, 850 the fast Fourier transform was applied using the filterFFT function within nucleR, 
896
Supplemental ., Kugou, K., Fawcett, J.A., Mura, S., Ikeda, S., Innan, H., and Ohta, K. (2014) . (Table 2) . Transposon (red) and gene (green) annotation are shown, with elements of interest highlighted by gray shading and labeled beneath. Mean coverage profiles for REC8-HA (red, log 2 (ChIP/input)), SPO11-1-oligos (blue, log 2 (oligos/gDNA)) and nucleosomes (purple, log 2 (MNase/gDNA)) within REC8-HA peaks and 2 kb flanking regions, or the same number of random positions of the same widths. Plots are repeated for well-positioned nucleosomes, SPO11-1-oligo hotspots and crossovers (5 kb flanking regions). Plot ribbons denote 95% confidence intervals for windowed values. B. Heat maps of REC8-HA (log 2 (ChIP/input)), SPO11-1-oligos (log 2 (oligos/gDNA)) and nucleosomes (log 2 (MNase/gDNA)) within REC8-HA peaks and 2 kb flanking regions, with peaks (rows) ordered by descending REC8-HA values. Analysis was repeated according to peak locations in the chromosome arms (left) or pericentromeres (right). C. Plots as for A., but analyzing DNA base frequencies (AT=green; GC=pink) across the same regions in 4 kb or 10 kb regions around feature midpoints. Figure 5 . REC8, chromatin and recombination within Arabidopsis transposable elements families. A. REC8-HA (red, log 2 (ChIP/input)), SPO11-1-oligos (blue, log 2 (oligos/gDNA)), nucleosomes (purple log 2 (MNase/gDNA)) and H3K9me2 (green, log 2 (ChIP/input)) within DNA transposons and 2 kb flanking regions, or the same number of random positions of the same widths. The mean width of the elements is indicated by vertical dashed lines. Beneath are plots analyzing the same transposons for mean DNA methylation proportion in CG (red), CHG (purple) and CHH (blue) sequence contexts. Plot ribbons denote 95% confidence intervals for windowed mean coverage or DNA methylation proportion. B. As for A, but analyzing RNA transposons. C. Bar graphs showing permutation-test derived log 2 (observed/expected) overlap of REC8-HA peaks (red), SPO11-1-oligo hotspots (blue) or nucleosomes (purple) with the indicated transposon superfamilies. Vertical gray lines mark significance thresholds (α=0.05). D. A representative region from chromosome 3 showing chromatin, recombination and genome annotation ( Table 2) . Transposon (red) and gene (green) annotation are shown, with transposons of interest labeled and highlighted by gray shading.
Figure 6. REC8 occupancy in heterochromatin is maintained in kyp suvh5 suvh6.
A. Genome-wide profiles of REC8-HA (log 2 (ChIP/input)) from wild type (red) and kyp suvh5 suvh6 (blue). CHG context DNA methylation proportion from wild type (red) and kyp suvh5 suvh6 (blue) are plotted beneath. Vertical solid lines indicate telomeres and dotted lines indicate centromeres. B. Male meiocytes of wild type (Col) and kyp suvh5 suvh6 were immunostained for REC8-HA (red) and stained for DNA (DAPI, blue) at pachytene stage. White arrows indicate DAPI-dense chromocenters. All scale bars=10 μm. C. DAPI-stained spreads of wild type (Col) and kyp suvh5 suvh6 male meiocytes at the labeled stages of meiosis. Figure 7 . Transcription shapes REC8 occupancy. A. Mean coverage profiles for REC8-HA (red, log 2 (ChIP/input)) between gene transcriptional start sites (TSS) and termination sites (TTS) and 2 kb flanking regions, or the same number of random regions of the same widths. Also plotted are SPO11-1-oligos (blue, log 2 (oligos/gDNA)), nucleosomes (purple, log 2 (MNase/gDNA)), RNA expression (pink, RNA-seq normalized by total coverage), H2A.Z (turquoise, log 2 (ChIP/input)) and H3K4me3 (yellow, log 2 (ChIP/input)). B. Heat maps of REC8-HA, nucleosomes, SPO11-1-oligos, RNA-seq, H3K4me3 and H2A.Z within genes and 2 kb flanking regions. Rows have been ordered by decreasing RNA-seq within genes. C. Mean profiles in wild type and kyp suvh5 suvh6 for RNA-seq (purple), H3K9me2 (green, ChIP), CHG DNA methylation (yellow), REC8-HA (red) and SPO11-1-oligos (blue) within Copia transposons that are upregulated in kyp suvh5 suvh6, or a random subset of those that are not, or the same number of random positions of the same widths. Plot ribbons denote 95% confidence intervals for the windowed mean coverage or DNA methylation proportion values. Windows showing significant changes in kyp suvh5 suvh6 (with Benjamini-Hochberg-adjusted Mann-Whitney-Wilcoxon P<0.1) are indicated by colored ticks along the x-axis. Figure 8 . Abnormal axis structures in rec8 undergo synapsis. A. SIM images of wild type (Col) and rec8 male meiocytes at zygotene stage, stained for ASY1 (red), ZYP1 (green) and chromatin (DAPI, blue). Scale bars=10 μm. Close-ups of synapsed regions are shown for each genotype where scale bars=2.5 μm. B. As for A., but showing synapsed regions stained with ASY1 (red) and ZYP1 (green) in wild type (Col) and rec8, with interaxis distance indicated in white. Scale bars=200 nm. C. As for A., but at leptotene stage and staining for ASY1 (green), ASY3 (red) and chromatin (DAPI, blue). D. Quantification of ASY1 axis length (μm) and inter-axis width (nm) in wild type (black) and rec8 (red). E. As for A., but pachytene stage cells stained for PCH2 (red), ZYP1 (green) and chromatin (DAPI, blue). F. As for A., but at leptotene stage and stained for ASY1 (green), SMC3 (red) and chromatin (DAPI, blue). Scale bars=10 μm. Wild type (Col) and rec8 male meiocytes at leptotene stage were stained for ASY1 (green), γH2A.X (red) and DNA (DAPI, blue). Also shown are male meiocytes stained for RPA1a, RAD51, DMC1 and MSH4 (all red) and ASY1 (green). B. Diakinesis-stage meiocytes from wild type and rec8 stained for MLH1 (red) and DNA (DAPI, blue). All scale bars=10 μm. C. γH2A.X, RPA1a, RAD51, DMC1, MSH4 and MLH1 foci number measured in wild type (black) and rec8 (red). D. Plot of ASY1 axis length (μm) against foci number of γH2A.X (black) and RAD51 (red) in wild type and rec8 meiocytes.
